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* ^TxmrT YCANS DEGRADING ENZYMES FOR 

El^-^^^^^^^^^^^^^^^^^^magement of airway 
The present ««» J*£ ' <° glvcos a,ninoglyoans 
associated diseases and, more P*" 10 " 1 ^;* 0 . *, jeve of sym p,oms 

deling enzymes tor ^ JL » a 

of respiratory d,seases. M °"^^ accumulation of muooid, 

inhaler aru associated diseases, 

effecting the management ol tne airway 

infections (RTI) and progressive d»M ^ofHmg 

*~ P "l" Sg -he "white portion, 
the most common lethal genetic ais devastating effects of 

chronic inflammation and host's response to Pseudomcnas 

become increasingly recognized tha the test s P ^ cp 

destruction and eventual de P ^ accompanying excessive 

Tsue! eZLing the inflammatory process by attracting more 
airway ^ ueS ^^ g opsonizatio „ and elimination of bacterial 
30 neutrophils, and derailing »v CHEST 1996; 

pathogens, particularly Pseudomcnas aerugtnosa. Allen ED, CH 

process itself may be responsible in a major way to y 

, * taorantPristic feature of inflammation in the iun B 
The most characteristic iediui „„ ltmn hils into the airways. 
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t infants without clinically apparent 
.aflammadon begin* very ^££ZZm-* - — » *< 
limg disease. S-^''"* to lhe Ration that infl»m.tton 
apparent abaenc. of ■»^«°°;^ enoat L Mt s from epithelial cells, 
ma y precede infection. A nun*e «f e ^ 
macrophages, neutrophrte themselves, ^apy should 

toe eeutrophil influx. For ™ „ ecess ary to defme the 

be initiated in early Me. Addrtronal Andres , ong . 

rrJ^TSST K"»d Bcrger M ; 

aims at maintammg normal numuon ant ibiotics, and 

disease. Regular secretion — ^ ^ ^ 
l5 — r d — - moment, airway — n an d 

^ Tier receut a^es ^ J*-^ £ t 
^corticosteroids and ^^°J^ K \ y Genentec Inc. USA), 
Lombinant human e t^' by degrading nucleic acid 

20 administered as aerosol, thinning th torat ion through ciliary 

powers ^\- d s ^ P " ° therPOt t al 
and/or cough mechanisms, to improve p hypertonic saline 

treatments include -*f» l^T ^oing morbidity as well 
aerosols. Early treatment offers £c ^ ^ Weller PH; Pediatnc 
25 as delaying the progression of later 

Pulmonology 1997; 24:143-46 ^ combined 

Acetylcysteine's mucolytic action is g 

-^^-^^S^^Cm reducing the 
bonds within the mucous gel to JWJ^ ciUary and/or 

30 viscosity of the mucus and f"^^. Pulm . 1996; 22:161-6. 
cough mechanisms. Dasgupta B and King M it States 

However, it was administration used, 

the airway mucosa and is not effective a ntiprotease of 

Secretory leukop«)teaseinhib tor (SLPI) n ^ 

35 the epithelium of the ^^&T~£ opportunity for 
NE. The recombinant SLP1 ^ d b inflamma tory processes not 

protecting the lung from the dam ge cause^ y ^ ^ ^ , y 

only by inducing an increase of the ant, in v 
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« L raising glutathione levels in the 
proving *e anno**. NE by defivenng 

suppiementa. af-annoypsm » ^ » disease . 

obliterative bronchiolitis. treatment strategy and 

Gene therapy has also been J^** rf ^ but cli „ical trials 

D perhaps a cure for the rSHi^^l--*- 

in infants were not imminent Three ve y ^ ^ ^ ^ 

-P^^S^STi- «■ — program of lung 

the milieu of the rang « 

parenchymal cells. gx viv0 modification of 

„ Two general strategies can be u ^ ^ v(W 

„,„difica,ion wim an show tot it is «beore,,cally 

». composition and naone f ^ f -copoiysacoharid, fibers but 

, 5 sputum is composed * ^ ,„d to bo replaced by 

wVl e„ infection oconrs the fi ^T ^ effective in vitro to, 

fibers of DNA. A number of J^ secre fi„„s, and both trypan, 

Uq » e fying«i"rermuooidorpu™ta.^J ^ ^ 

i cuytnonypsin bave bean W — - fc " " 

Polymorizafionandaggregauonofmuo gy ^ ^ ^ 
sputum matnx. Boa. TF and Cheng FW. 
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Jeter of activated sulfate. Mohapatra 
ta intracellular *m a; J. Clin. Invest. ,989; 

NK et «C Pediatr. Res. 1995 Wl).42 5 S ^ 
84 (1) -68-72, Boat TF and Cheng PW, Acta. Pea. 

25 " 9 - ^ ate severe, reports rf— ^ t".'" 

„ cuHured 6— from £«?JZZ ^and ,o eottain 

^ reported to stain ™»f°"^ W '* ^ noima , Mividuah, They 
moteg.ycns.minoglycan.^n fib^^to^^ ^ ^ of 

vim, culture were hyaluronic actd, heparan suit. 9;W8 . 70 2. 
1 tnatcti.s. We.ch D W m dRo^sRM;P^^ ator ^ 

The cystic , «b» " £ f .irw.y, epithelial cells, is 

protein which is found .» the apteal mem ^ 
Uvcd ,0 participate it me " ght to to d ,„ me los* of 

std waLVom L epithelial cells of the 
Uretinal sodtum duclion ot a dehydrated and vtscous 

» airway, whtch tn mm leads me p ^ cpTR on 

mucus. There is i» v.vo evutoce or ^fe^te of 

Bl ycoconjuga,e suction and ^'^^^eUuittr mattix. 
CFTR dysfunction associated wtm ™ ™ 

ffi„WG„*BiochemMol.Med.,997; 2(1):, 1» 

2S b, addition, ^ U *ff a,< ^l? Out. Invest 

proposed to alter endoaomal acidtBcauon. Zhang Y 

1995;96(6):2997-3004. hi w ralfi , K d 

A correlation was found between ,e ^ 

ca rhohydra,e content in ™— ~ c ^ Chimica AcU. 1*3, 
30 severity of their disease. Chace KV 

132:143-55. MG play an important 

OversulMion of . - £££ * f ^ ^ . 

pathophysiology role I y attent* P ^ ^ ^ ^ ^ 
and/or the intcracttons beWee ° c Se ''°'' is due eit hcr to selection 

JS surface. ^^^^TwuXof^ad^.^ 

:;tr i reX « -~ — b ue - * *- Rev - 

Respir.Dis. 1993; 148(2):365-69. 
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nm nlex sputum bacteriology, the progressive decline in 
D T rnT^iste hallmark of the disease is attributable to a 
pulmonary functton that is th . aeruginosa. P. aeruginosa 

single infecting pathogen, mucmd^ «L with CF , ^ its , 

is the predominant respratory **££ZT its virulence. The unique 
resistance to phagocytes may ^tnbute »o s macrophages , 
gluC ose dependency for phagocyte of Raerug « ^ ^ 

and the fact that glucose .s present n onl 

pronoun antibody response „ cotrelattd „i* a 

polymorphonuolear neutrophils (PMN). ^„gi MM 

APMIS ,997; WP* ^ *— ~ 

part* transport Cowley EA a, a/, E», Respi, I- 1997; 

mucociliary responses to inleciion. 

20 10(10):2312-18. clearance and airway submucosal 

s:^. - 2 ir r ^ cpo 

25 motifs in partroular, may play an P , 0 0(10):68-73. 
Others suggest that Cr IK ci 

<— • • *7 — b'TS p~"^ -i. USA. ,997; 
consequences ot Ct\ rier -j 

30 94(22):12088-93. pt of ^ chronic infection or prevention of the 

treatment in CF patients. 

Etflt£fi f^^ named mucopolysaccharides) are 

Proteoglycans are found in every tisS ue of the body 

" other and also with other major 
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co-nponenia, -* aa coiiagen - *» *> — ^ 

Glycosaminoglycans (OAOs) pr « J + This , otter ability 
1^ bind polygons ^=a«on,, S uoh -N. ^ ^ 

» aKI by ^jzzZJZJSZ-*- — • 

CO '" ribU,eS T ofS HysLhande chains of QAGa and .heir 

Theiong ^""^WftlediLion of small molecnles, bn, restnc, 
r^fC—eonies. Bacanseoffceb — J~ 

large volume of the extracellular m 

KeeleyFW; Harper-s B— JP* polysaccharide . 

Heparan sulfate (HS) P^ 0 ^ membranes and extracellular 
protein conjugates assoctated with cell J 5 

5 mat rices. 

including ^ Uul ^\:r^ esi0 ; Llecules, proteins of lipid 
binding proteins, cytokines, cell aon Owing to these 

m etabolism, degradative enzymes, ^ ^*T ^ role in biology, 
tactions, heparan — * the heparan 

20 in fact most functions of the proteog^ ^ ^ 

sul fate chains, contnbutng o eUceU ^ ^ ^ 

differentiation «, ^a ° s Je as an adhesion molecule and presents 

endomehal cell fonction t serves fadUtating 

adhesion-inducing cyto kines adhesive effect of heparan 
25 localization and activation of leukocytes 1 he extrace i lu i ar 
Abound chemokir ^an ^^ZlZo^s. Heparan 
matrices to heparanase before or alter me 

— s rstsri cr^ringea «. 

inflammatory cells. The function ot n p met abolism of 

S=l ^nTn^d:^ P Sa.van KS - * - - 

physiological functions. 
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GM^^f^^ carried out by a battery of lysosomal 
Degradation of ^^'^Hndoglycosidases, such as, but not 
hydrolases. These mclude certain ^endogy ^ ^ ^ for 

Umit ed to, mamma V* . ^ heparanase) and 

recombinant and W091Ai-»# cptAP WO95/04158 for native and 
connective tissue activating pept.de HUL , 

U.S. Pat. No. 4,897,348 for ««-^^ „ and HI (U.S. Pat No. 

^^^^35 Al. U.S. Pa, No. 
5,389,539 for the native fonn and ^ ^ ^ frQtn 

, 5,714,376 and U.S. Pat No. 5*81,73 ^ 

F/avoWer* Mparm ^ ^"^-VI from Bacillus circulans 
molecules; heparitmase T-l l- , 4 . 278087); p.giucoronidase; 

(US Pat Ho. 5^5,m ^ AC (EC «M 

chondroitinase ABC (EC _ fcpoimw, B and C (EC 

l5 from Artfr^r aureus or f ^*^ h degrade cno „droitin sulfate; 
4 . 2 . 2) from Havo^n- J^^^ hyaluronidase and 
hyaluronidase from sheep or bovme te^e wh g* lucoronidaS e EC 

chondroitin sulfate; ^^^^J^^^ 

in sequence to degrade the various GAG. ^ ^ q^Gs is 

One important enzyme involved in m ^ 

Heparanase. It is an ^ff^^Z^Z^ ^ 
25 specific interchain site, ~no T- d JT ^ subendothelial 

granulocytes, macroph.g. nd ^ of h ^n 

extracellular matrix (ECM) is ^ activ ating peptide III 

sulfate by heparanase activity. aranase> m d some heparanases 

(CTAP), an a-chemokine, can «^»^^ dependmg on the P H 
30 act as adhesion molecules or asd g^e enzym ^ ^ 

of the micro environment. The enzym fa 
compartments (e.g., lysosomes or complexes , 
activation signals (e.g., thrombin, calcium s P in 
antigens and mitogens) suggesting , * jegu ^ 
35 inflammation and cellular immunity. Vlodavsky 
1992; 12(2):1 12-27. 
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heparanase in a constitutive maiuic i< 7 _67 
, .. x>r Cell Biochem. 1988; 36(2). l->/-0'- 

enzvmes and plasma proteins that are 

"^t'aCtc^ in mas, ceU nombers in Bbn.no bang tissue, 
T , r^Us may Play a part in the pathogenesis of pnlmonaty 

^ was a— * prertean. - rf 8nooth 

."rl "X ~»t or pa.ho.ogio po.monary arteria, 
muscle growth during acv f 140(8)2708-13. 

T ^ to Snerial endothelinm. Treatment of TNFa- 
in ^Xlil^M.^n^ibi^nKmooytoatochmtm. 
Seated aortre en P ^ ^ m(4) .. 945 . 56 . 

fibrosis-formation in these patients in medical practice. SU 

Chernik et al. urface by purified 

from patients with CF. A correiau heobronchial in f e ction in CF 

30 sulfate proteoglycans in sputum *id sev*e ttach ohr ^ ^ 

was suggested. Rahmoune H c. a/., Am. J. Ke P 

5(4):315-320. --serve endothelial function and 
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ahemoattraCan, after reperfusion. YaLguchi V e, a,, Gasttoen.ero,ogy 
'^^cTprfents e*H hy^agloboUnentia. Heparin 

It ~frc^ed fro™ ft.. »er.«.ra augges* a possibie ro.e for 
The data oora. heparanaaes, 
, GAGS degrade enzymes, s»ch aa, bttt luronidases , sulfates 

edn D ectiveftas U .^v« a ngp«pftfte,ta P «hy 

and chondroiftnases, m reducmg the ..scosfty „ . fectio „ 

secreftons with associated imptofrotts °° — loLt a. .eaa, 3 % 
and inflammation. The spntom from CT pane »« Emp l oy i„g 
, 5 GAO s, .has eonftihnftng ft, to ^£"££.2^ of 
GAGS degrading enzymes can alter .he es> 

frequency of drug therapy, * rprllice th e rate of 

enzUs (especially heparanaaes and hepannaaea) d 
25 inSL by degrading heparan snlfate ~ «jf , J, m 
for attachment of many microorgamsma and p^. Hep.™ 
inhibited the binding and invasio, £ m d 
U S *namonocyft>ge.^ Symplex vbus , md 
Respiratory syncytial Virus, uenguc , Theileria sergenti, 

n pronazoa (Piaamodium «oip^am - ^ ; * ^ U 
Trypanosoma crnzi) into host cells Leo* , ™ « «l to i> 
66(3):994-9, Asagoe T a, «/, J. V« W .8. u »» 7, z . D()minguez 
and Stteckert HJ; Arch. Vttol. 1997; M»1W S, ; "™ F „ vert 0 . j. 
C a, * Meet Immnn .997; 65(l):78.8g, Shaktbae M - «J"£W^ 
3S Exp. Med .996; , 84(5),o99- ,7 ., Hag.wam K- -j* t 

1997 ; 2 7<5); 5 35-9 *»'**^L'c « * Trd. 
S^'lS "«' G ^ a, «,; , Bio, Chem. ,9,7; 
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,„mvl«205-213 Furthermore, it is suggested that these enzymes nay 
2720D.192O5-21J. r :_v:».;*i n Q th* infiltration of inflammatory cells to 
reduce inflammatton by inhtbtttng the of chemokines 

me afteeted .issue. They can abrogate he adhe . . e ffec* „ 

~*Z^£ZZ2£ZZL tissue damage, 
^r«v^nen K ^o f fi f eandpro 1 on 8 d« i rHfesp». 

—^^^t^on .here is provided a method of 
A °°°C ^ oo atoTrn ase whieh ean he used for .he management, 
ZZZZZZ* symptoms of ^ — ' 

s having an aoountulatton of jnucmd P ^ ^ q( 

containing giy— o *- ^ inoglycans degrading enzyme to .h e 
administering at least one giyc bj ^ q{ ^ 

patient in an amount therapeuUcally effecUve to reduee ^ 

in the descri bed preferred 

g ,yeosamino gl yeans degradtng ^J" 8 " uM o» of mueoid, 

* T fJZSS^SS g.y— ogiyeans. Thus, 
mucopurulent or puruieni maicua ««««« as an active 

ingredient, at least one glycosarmnoglycans degradtng nzym 

management of the patient .„.(„,.,. described preferred 

According to still further featores m ^ foln 

embodiments me glyeosaminogiycans degmdmg e^ynte * 

hepantinases, hepannases, nymiu 



chondroitinases. 
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Acceding to still farther felres in the described preferred 
en* J^Z glycosaminoglycans deeding enzyme , a nabve or 
recombinant enzyme ^ pKfened 

embodmTS ^y— iycans degrading enzyme is o f an origin 
selected from the group consisting of ta.rn.ns, antmals, fung., algae, pla 

^"iroCrrrrrrmres „ - described 
?^^hr^:ts^ry 

disease (COLD/COPD), astnm yn 
manifestations of mucopolysaccharidoses I, II, III A, 111*, n , 

5 ^ According to still further features in the described preferred 
5 According improved clearance of lung 

embodiments managtng ^, i[awy scions and 

• -—stars: "=£ wsra 

administering at ie administration. In the former case the 

conventional substance(s), for generating a 

^cocrrrricosteroids, M — inhibitors, 

viscosity of the secretions, with inflammation and further wife pattiogen 
viscosity 01 urc achieved according to the 

infection mechanisms is degraded. This is acnieve 
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pre s.n< invention by adminis.r..io„ of a, leas, on. glyeos.minogly.ans 
dagmding enzyme, preferably as an aerosol, to .he pafent. 

^^^^T^ of only, - 

SStttr— wbleb inolnd. an 
g,ycoaaminoglye.ns degrading enzyme according to one asp... of fire 
pre5 e„Hnven,io„ ^ ^ rf g , , 

■ with various substances including the 

-ymes beparan.se and heparinase. 

n v,, c . t fi an e 2^ and hepannase 111 (lane i) k«« 
DNase 1 (lane > *) f samo i es derived from the first patient were 

l5 conditions see Table 1) at 37 C, samples oen no lvacrvlamide 

^t,rcrr^.^o=a,ae 

- oe^fion o, glyensammoglyea. 
. v *: various substances including the 

20 ™ beparanaae and hepanna,. 

Mow^ boors of inenbauon wnh saline (.ane 1), heparanase ane 2 , 
CTe H (lane 3), DNase , (toe 4), - 
heoaranase + DNase 1 (lane 6), hepannase II + DNase (.ane _ ) 
25 ta.Tva.ed DNase 1 (lane 8, (for derailed hnarmen. «■*-»» ^ 

r:^::^:. -m^ ,2. a. . - — - 

„ ^fT; 'demons me rife, of heparans on heparan solra.e 
M degmdlfion as a fonebon of in.uba.ion dm.. Sbr -J*^ ~ 
in^Led arid. 10 pg/ml heparanase for 0 (lane 6), 1 (lane 5), ^3 (lane 4) and 
6 (toe 3) boors. Un.rea.ed heparan sulfate and hromoph.no. bio. are 

" of CFpafien.i„.oba.edwiUrhe P aranas.. «g24 houte m^«on 
with various sobstoees as indieated (eoneentrahons are as Med « teble2 
Ties taken from fir. seeond CF pa<i.n. were eenhrfoged for ,0 m,nn..s 
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at 13,000 rpm and 10 % of the total supernatants 1 volume were taken for a 

carbazole reaction. „„,.,.«, 
FIG 6 demonstrates the presence of glycosammoglycans in sputum 
of CF patients. Sputum samples from CF patients were tested for the 
presence of glycosaminoglycans using the FACE glycosammoglycans 
identification kit by Glyco Inc., Novato Ca. Two sputum samples from 
different CF patients were analyzed and the hydrolysis products are shown 
in lanes 1 and 2. Pure heparan sulfate and heparin (lanes 3 and 4 
respectively), were used as positive controls. The hydrolysis products of 
heparan sulfate and heparin after degradation by heparanase are also shown 
(lanes 5 and 6, respectively). The monosaccharide standard ladder supplied 
with the kit is shown in lane 7 (100 pmol per each monosaccharide). 

FIGs 7a-c demonstrate the effect of heparanase on the viscosity of 
sputum samples. The effect of heparanase on the viscosity of sputum 
samples obtained from 2 CF patients (Figures 7a-b) and from a COPD 
patient (Figure 7c) was determined using a microviscosometer. Each 
treatment was repeated 4-6 times for every sputum sample. 

FIGs 8a-b demonstrate the effect of a cocktail of protease inhibitors 
(PI) on the activity of heparanase and the viscosity of sputum samples from 
2 CF patients. (8a) - PI (2 ul) was added to 20 ul heparanase and the 
mixture was added to 250 ul of sputum + 80 id of saline; (8b) 10 % PI (35 
ul) were added to a sputum sample which already contained the adequate 
amount of saline, followed by the addition of the enzyme. The samples 
were incubated at 37 °C and the viscosity of the sputum was measured by . 
; microviscosometer at various time points. Each treatment was repeated 2-6 
times for every sputum sample. 

FIGs 9a-b demonstrate the effect of chondroitinase ABC on the 
viscosity of sputum from CF patients. The effect chondro ««»-» ^« 
combination or without heparanase on sputum samples from a CF patient 
0 was measured by a microviscosometer. Each treatment was repeated 6 
times on the same sputum sample. The mean viscosity for the vanous 
treatments in Figure 9a are shown in Figure 9b. 

FIGs lOa-b demonstrate the effect of acetyl cystein on the viscosity 
of sputum from CF patients. The effect of acetyl cystein in combination or 
J5 without heparanase on sputum samples from a CF patient was measured by 
a microviscosometer. Each treatment was repeated 6 times on the same 
sputum sample. The mean viscosity for the various treatments m Figure 
1 0a are shown in Figure 1 0b . 
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FIGs U.-C demonstrate the e'Lt of DN.se on the *°f>J* 

^cr^t^r-* * - *-* te - various 

Bearment. in Figure 11. are shown in Figure 1 lb. 
m« nr THE P REEEBEEMMagaMEMS 

??rtf nL« mucopurulent or purulent m.teri.l contarntng 

T Um ^llv .1 wt.Uy alcialed with airway associated *— 

glycosanunoglycans W * md relieve of symp ,om. 

which c.n be used for the m.n.gem • invention „,„ 

of respiratory dise.se. and .tnnst.^ „ f „ jscous iiTOa y 
be used for — —g . - rf 

, the pj"! may' be bener undCood wirh reference ,o the 

MO. of con.rn.edon and me « » „ 
25 me following description or .llusWed m the yarious 

mucoid, mucopurulent or pm suc h as a respiratory 

^T^^^^tS^ w«h seLlon. 
disease or r^"£Z^JZ** eomprising me step of 
,5 abated wrth the g ,yco S aminoglyeans degrading 

31^^ Ute viseo-e^cUy of *e — . pathogens 
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.ufcctivity an, inflammation. Admmistratton . air»ays is preferabh, 

SUl&K "In, the — W refers to any part of «he breathing 

refers ,o an, 

"^Te^n .he term "paUen," refer, .0 animals having a 
pulmonary sys^inelndinghnmar^hemgs^ ^ ^ 

byeon tt inerl8ontofhou S mg)2viainhahng«ndli 

Conine, >8 contains, as an * dots 22 . 

giyeoaaminoglyeana degrading enzyme n»,W m FJ-JJ 
25 Enzyme 1 2maybein.partie 1 e S form(e^ P«wd« s,o„ p^ ^ ^ 

or in suspension (e.g., aqneous suspension). In any 

preferably pressurized. -.wins valve 14 featuring 

Container 18 is equipped wtth an aerosol reta»ng va^ 
. tube 26 »hich protrudes via - openurg 27 fcrtnedm coma 
J0 wW ch ftts into a distal ^-^0 nrS 26 L engaged within 

;Tconl P er 18. At this stage inhaler 1. is ready for actoatton. 
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indicated by arrow 38, daeper m> ^ by amw 40, is 

dianteter of hofes 32 and **^ co „ Bnt otconBinM 18 » 

inHaiars, ye. are no, descry - *- ■ M a . Coud 42 

„ injeced via tuba 22, ^ M conoan.ra.ion, anch .ha. an 

is „f auffician, anergy and ««. ^ rf fc patienl . 

efteo.ivaconcan tt .«on *.llba oa..v^ ^ te 

Mowing — 10 18 " tano.harao«adon. 
process, rendering .nhale. 10 ready tor More 

Tne above provides f ^ doae re>eas. 

advanced inhalets wh.ah '™ nie < wel , tooOT , in the art, one 

nanisms and/ot dose conrtol for the of asthma. 

- rr.cr-;— - 

Yet, other inhalers used for prolonged^ ^ 

of minutes to hours) are also with vari ous substances to 

operated and are used to provide air enncn 
25 patients. limit the scope ofthe present invention 

There is, thus, no intention toW*»P ^ 

^ycoscninogiyoans g , UCOIonidases , 

heparans, conneattve «^ faBses and chondro,.mases. 

^rthnnsas, heparinases by n— ^ of g , ycosamino gly cans a. 
These enzymes are capable ot caw y 

- — rrrt^ 8 rx e .stjs 
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v ♦ form of for example, human heparanase is disclosed 
A recombinant form ot, tor ex<u v , reference 
in US. Pa, action No. O8,922,.70, <*£^££* dteclosed 

heren, M» o^or, .poinding 

species of heparanase as well « « ' P d oleavage ^uenee are 

a „ inrrodooed and onrqoe pretense <™°<«*™ GENETICALLY 

— - ta n US ^LS PP AN? METHODS i FOR EXPRESSfNO 
MODIFIED CELLS iuptHODS OF PURIFYING 

' ^"Znd" . M No. 910/16, 

encoding heparanase are PCT/US98/17954, which 

08/922,170, 09/109,386 and 09 2 8,892 and ^ ^ ^ ^ 

5 are incorporated herein by reference. These poly fa 
producer.combinantheparan^ No . 
U.S. Pat. application No. 09/U/i,oio a 

09/258,892. . rtff u red according to the 

20 present mvenuonmcludea.rway al . antitrypsin deficiency, chrome 
but not limited to, cystic fibrosa al a J7P ^ ^ 

bronchitis, pulmonary emphysema ^™ P tuberculosis, 
obstructive lung/pulmonary dxsease (C ^^^^doses I, II, 
fungal infections, airway °* ™^°^*^y. 

*" te ^"^2LTS| P So. the fluency of 
improved clearance of lung secretions <m antibiotics and 

infections ~— ET^*-* 

^TTIT^ZZZZ^ of ft. present invention the 
30 Aceordrng to a pretemo one co „ ve „„onal 

-^^r" -y be effected by 
substance to the P aUent. along wlth the 

coadmimstartion of the conve «, CC essive administrations 

gl ycosamino g lycans degrading ^^"^ncluding both the 
35 thereof. Coadministration may be effected by a conventiona i 

glycosaminoglycans degrading enzyme(s) and 

substance(s). 
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As UK d herein *. » ~" h ^ : 

— '"r i for example, DNaae, antibiotics, acetylcysteine, 

mucolytics, and/or al-antitrypsm. inve „tton is preferably 

The inhaled enzyme according to the present rnvenu r 
The nutate , rf , n8redlcnB ,o 

administered as an — The aerosol may he in a lirmid aerosol 

the airway of the pattern ts acme ^ enzyme 

(alS o hnown - 1 sprey herem ° ^ „ „, 

fonn me aere^. mav be envisage* for some applications, 

latter case, alow ' ,„ , water tosorab le support, simtlar 

, Alternatively, an °^, Nase fa PC T/US89/05744, which is 

„ dr.. ^ ° ^.Lm herein, can he used for 

patten, drc ^J^nTerem, .hereby reducing the 

r « Of me Lettons and e— = atto„ 

^ *TyeT are^r—rXd-ogen iufeetton 
» 8 'T teWWnln reriucca .he susceptibility to such effect 

^^bu, "rirr^Tonltruntt, a cure is 
treatment lasting from several aay ord inarily 
» trirrrr^—e^umdoaagea, dosing 

Thus, acco dtng H heparenaaea, connecttve 

degmding enzymes, snehaa, tot no heparitinases, 

hyaluron.dases, sulfa*** ^ ^ substa „ces, preferably as 



PCT/US99/06189 

WO 99/48478 

^ficiencv ^ chronic bronchitis, pulmonary 
fibrosis, al-ant.trypsm deficiency eft o i ung/pu i m0 nary 
emphysema, infectious pneumoma chrome 
disease (COLD/COPD), asthma, tuberculosis, funga 

testations of MPS — J^^^ ~ of 
VII to improve clearance 01 lung 
respiratory infections and/or inflammation. 

EXAMPLES 

Reference is now made .0 the foUowmg examp.es, which Kgetirar 
with .he above descriptions, iUusttate the invention m a non tenting 
fashion. 

Materials and Methods 

following physiotherapy. Samples were owm 

eroding seance of the tinman heparan.se a^^J^ sigma 
. 08/922..70), Heparinase Bl and S q Soh 
C.emieaKaeetiy.eys.emfM^my* ^^2 Z P— from 

u ^ Rnhrineer Mannheim (Cat. No. 1836170). 

u of -*7 °r for different time penods. Fouraoimy w<u> a 

30 the tube. Fo ii owine 24 hours of incubation at 37 °C 

FoUow^Thoora of inlarion a, 37 -C, .amp.ee were cenmfoged .0 
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mi „utes at 13,000 rpm. Supematants were collected, and 10 % of the tota 
Time (20 microliters) were diluted to make a final volume rfOS 
milliliter Sulfuric acid-tetraborate (0.5 % tetraborate m 97.5 /o sulfuric 
•^ 'milliliters was added to each sample and vortexed. Samples were 
"I'd in £ ST- then boiled for 20 minutes, followed by cooling 
5 ^iTTSL. reagent 0,25 %. 0.1 milliliters, was added to each 
ampt L the samples were vortexed, boiled for 10 mmutes, and cooled 
„^ water bath, Ln, samples were warmed to room temperature by 

10 ;:;r n ic^ 

by Bitter T and Muir HM; Anal. Biochem. 1962; 4:330-334. 

patients: Identification of glycosaminoglycans in sputum samples from CF 
, s Cents was effected by the FACE glycosaminoglycans identification kit by 
G~ Novate Ca! according to the manufacturer's instructions (Figure 

6> " Viscosity testing of sputum by a m icroviscosorneter: When ready to 
test, sputum samples were divided into aliquots of 250 pi, and kept at ^37 0 
20 in 5 ml eppendorf tubes. For every 250 pi of sputum, the vanous 
20 in 1.5 m PP . 10 unit cho ndroitinase - 0.05 units) 

enzymes (heparanase 5 pg, um ^ 
or the other drugs tested (acetyl cystein - 0.35 or 3.3 pg.), ww 
" Ita » make . Ml of 350 A followed by vortex. The S ampU=s were .hen 
Xawnlm the tubes into 0.5 ml insulin syringes and subjected to v,soos«y 
2S ^rg^rng amieroviseosometerCHaake.Oem.any). The 5 ynnge S wem 
Seed in a 37 °C ineubamr and the sputum's viscosity was measumd 
following various periods of incubation. 

Experimental Results 

Heparanase reduces the viscosity of CF sputum, transforming it from 
" anon-flowinggeltoaflowinghquid. 

qualitative experiment in which reduction in sputtim 

determined by the pourability assay. Sputum samples from one CF patient 

werHncubated at 37 °C with either saline, purified recombinant human 

inactivated heparanase, or with no added solution. 

Sputum samples from another CF patient were incubated at 37 C 
with either saline, purified recombinant human heparanase, hepannase II, 
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bovine DNase I, acetylcystein, DNase I with heparanase DNase I with 
heoarinase III heat inactivated DNase I and heat inactivated heparanase, or 
STadL solution the pourability was assessed following vanous 
^ of incubation times by inverting the incubation 1 5 
5 L observing the movement of sputum on the suie of the tube. These 
results are summarized in Table 2 below. 

Heparanase, heparinase III, DNase I and acetylcystem, increased the 
pourability of CF sputum from the first patient in a time-dependent manner, 

whereas saline did not (Table 1). acetylcyst ein and the 

,n Heparanase, heparinase II, DNase i, awwy > 

combination of DNase I with heparanase and to a lesser e*ent the 
comb nation of DNase I with heparinase II, increased the pourabnuy of CF 
Ttum from the second patient in a time-dependent manner, but sahne and 
beaUnalated (10 minutes at 100 °C) heparanase o r DNase I *d not 
15 increase the pourability of the sputum sample (Table 2). 



IABLEJ. 

20 Treatment Test materia. Weight of sample Viscosity 

Saline 20 pi 314 °* 

" Heparanase 10 pi saUne+ 10 pi 320 mg 

heparanase (2 pg) 

Heparinase III 10 ul saline + 10 pi 225 mg 

30 heparinase ffl (0.5 u) 

Acetylcystein 10 pi saline + 10 pi 251 mg 

20 % acetylcystein 

35 DNase I 10 ml saline + 10 ml 221 mg 

DNase I (10 u) 
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lABLKi 



Treatment Test material Weight of sample 



15' 



Viscosity 
lh 2h 



10 



15 



No treatment - 

Saline 20 \x\ 

Heparanase 1 0 |al saline + 1 0 nl 
heparanase (2 ^g) 

Heparinase II 10 ^1 saline + 10 \il 
heparinase III (0.5 u) 

Acety Icy stein 10 ^1 saline + 10 ^il 
20 % acetylcystein 



20 DNase I 



10 ml saline + 10 ml 
DNase I (10 u) 



25 



Heat Inact. 10 \i\ saline + 10 \i\ 
heparanase heparanase (2 |ig) 



Heat Inact. 
DNase I 



10 ml saline + 10 ml 
DNase I (10 u) 



181 mg 
186 mg 

188 mg 

189 mg 
195 mg 

190 mg 
173 mg 
188 mg 



0 



1 



0 



0 



30 



4h 

0 
0 
2 

1 



35 



DNase I 10 jil saline + 5 \il DNase I 193 mg 1 2 

+ heparanase (5u), 5 \i\ heparanase (1 

DNase 10 ^1 saline + 5 ^il DNase I 198 mg 1 0 1 

+ heparinase II(5u), 5 |xl heparinase II (0.5u) 

In Tables 1 and 2, pourability was assessed qualitatively following 
various periods of incubation at 37 °C by inverting the tubes and observing 
the movement of sponnn, where 0 - no movant, 1 - 
o/o of sample to run down the tube, 2 - it takes 5 seconds for over 50 /o of 
sample to run down the tube, 3 = movement of all the sputum freely down 

the tube (within 1 second). 

The effect of acetylcystein was the most prominent one. lhc 
reduction in aminoglycans polysaccharide chains size is shown m Figures ; 2 
and 3 After 24 hours of incubation at 37 °C samples were centnfuged and 
the supernatant was loaded on a polyacrylamide native gel. The results 
45 show that only where heparanase was present (lane 4, Figure 2, lane 2 



40 
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deteCt t- 4 .hows the effect of heparanase on pure heparan sulfate 

. , 7 op w ; t h various substances, the caroazoic ic 
10 maubation at 37 C won v»™ iduronic add, a 

parformad. In .Us assay carbazole reagen. bmds »^ 
dagmdauon produa. of polysaaahandas, and the concenna. 

~i :c fair - 

„ ™ n v Xinlny n,o K idnnnna acid in ft. -P— , as 
* »~ ^ '"X 6 P IT — Wda indicad. 



as shown in lane 4. oamn i es was also tested using a 

The effect of heparanase on sputum samples was aiso 
25 ih w o ^les from 8 CF patients (Figures 7a-b and 8-1 1), 

microviscosometer. Samples rrom o , i oamnies Heparanase 

* rnpn natient (Figure 7c) are presented as examples, ncp 
and one COPD patient^ igu ^ when 

significantly and rapidly reduced the viscosity P 
compared to saline or 
30 reduction of the 5^-- 5 «* « 

cocktail of protease ^^^^ to the sputum . The results 
20 Ml heparanase). This .m*** ^ ^ heparanase 

presented in Figure 8 sh ow ^ P the sputum sample (35 ul PI 



10 
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cl.av.ge by the spawn,, which result^ the posing of the hepanm^ 

March 2 1999 and identified as Attorney Docket No. 910/13. The 
£L£ P— by the sputum was inhibited by 
interesting to test the effect of heparanase in comparison to other enzymes 
^n! fFieures lla-c) and chondroitinase ABC (Figures 9a-b), and to 
l^X* acetyl cystein (Figures 10a., ,t 

7:Zi:^ ^Z^ is g-er than that of DNase and 
1— se, and that there is a synergistic effect between heparanase an 
DNase (Figures lla-c) but not between heparanase and ^ ondr « 
5 S^res 9a b). Furthermore, when 1 ,g/ml acetyl cystein was added i 
5 SS L reduce the viscosity of the sputum samples, but when th 
combination of 1 ug/ml acetyl cystein and heparanase was used here w^a 
Inersistic effect which resulted in a marked decrease m the sputum s 
XcX Acetyl cystein at 10 pg/ml, either with or without heparanase 
, 0 "ry effiL/in reducing the sputum viscosity, "g Jh, 
concentration in the clinic causes severe side effects when administered by 
inhalation, and it is therefore not commonly used. 

Thus according to the present invention glycosaminoglycans 
25 degradmTenzymes, such as, but not limited to, ^P-nase^^ve 
tisL activating peptide, heparinases, g " daSe \^^ 
hvaluronidases, sulfatases and chondroitinases are used, alone m 
comb Ion, or in combination with conventional substances pre ferab ly a 
aerosols for the management of respiratory diseases, such as but not 
30 Z£ 'to, cystic fibrosis, al -antitrypsin deficiency, clonic — 
pulmonary emphysema, infectious pneumonia, chronic obs ^ v 
Wpulmonary disease (COLD/COPD), asthma, tuberculosis, fungal 
nfecUonTand airway manifestations of MPS (mucopolysacchandoses) I, II 
ml iS fflC VI VII, to improve clearance of lung secretions and reduce 

pLtranttbiotics and/or anti-inflammatory drugs respectively, and to 
Cve Pulmonary function, due to their mucoly c action a^d ^ 
inflammatory properties. It is also recommended for the treatment 
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sinus,,,* ,o improve olearenee of secretions, and reouce the use of sursiea, 
interventions. 

Although the invention has been described in conjunction with 
miliums evident that many alternatives, 

specific embodiments thereof, it is evident mat y 
modifications and variations will be apparent to those skilled in the art. 
Ac^dS i is tended to embrace all such alternatives modifications 
A j!i that fall within the spirit and broad scope of the appended 
claims. 
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WHAT IS CLAIMED IS: 

1 A method of managing a patient having an accumulation of 
mucoid mucopurulent or purulent material containing glycosammoglycans 
2 method comprising the step of administering at least one 
Sco^glycans deeding enzyme to the patient in an amount 
Ce^effective to reduce at least one oi : the , = g: the v 1S co- 
elasticity of the material, pathogens infectiv,ty and xnflammaUon. 

2 The method of claim 1, wherein said glycosaminoglycans 
containing material is associated with an airway disease. 

3. The method of claim 1, wherein said administration is via 
inhalation of aerosol. 

4 The method of elaim 1. wherein said at least one 
g , y cosan,inog>ye*ns degrading enzyme is ae.ee.ed from ,he groop 
coLsdng of heparanases. eonneerive risaue acUvanng ««« 
gtacoronrdasea, heparitinasea, hy'oronrdases, snlfatases 
chondroitinases. 

5 The method of claim 1, wherein said at least one 
glycosaminoglycans degrading enzyme is heparanase. 

6. The method of claim 5, wherein said heparanase is a native 
heparanase. 

7. The method of claim 5, wherein said heparanase is a 
recombinant heparanase. 

8. The method of claim 5, wherein said heparanase is a human 
heparanase. 

9 The method of claim 1, wherein said at least one 
glycosaminoglycans degrading enzyme is selected from the group 
consisting of heparinase and hepantmase. 
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10. The method of claim ^wherein said glycosaminoglycans 
degrading enzyme is native. 

11. The method of claim 9, wherein said glycosaminoglycans 
degrading enzyme is recombinant. 

12 The method of claim 1, wherein said at least one 
glycosaminoglycans degrading enzyme is connective tissue actrvatmg 
peptide. 

13. The method of claim 12, wherein said connective tissue 
activating peptide is native. 

14. The method of claim 12, wherein said connective tissue 
activating peptide is recombinant. 

15. The method of claim 12, wherein said connective tissue 
activating peptide is animal. 

16 The method of claim 1, wherein said at least one 
glycosaminoglycans degrading enzyme is of an origin seated from the 
^roup consisting of humans, animals, fungi, algae, plants andbactena. 

17 The method of claim 1, wherein said patient has a disease 
selected from the group consisting of cystic fibrosis, ^ijjWJ- 
deficiency, chronic bronchitis, pulmonary 

pneumonia, chronic obstructive lung/pulmonary d 1S ease (COLE COPD) 
Lhma, tuberculosis, fungal infections, airway mamfestatons of 
"Lpolysaccharidoses I, II, HIA, IIIB, IIIC, VI and VII and sxnusms. 

18. The method of claim 1, wherein the patient has cystic fibrosis. 

19. The method of claim 5, wherein the patient has cystic fibrosis. 

20 The method of claim 1, wherein managing the patient results 
in proved clearance of lung secretions and reduce the frequency ^o 
airway associated infections and inflammation requmng parenteral 
antibiotics and anti-inflammatory drugs. 
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21. The method of elaim 1, wherein managing the patient results 
in improved pulmonary function. 

2 2 The method of claim 1, further comprising the step of 
administering at least one conventional substance to the patient. 

23 The method of claim 22, wherein said conventional substance 
is selected from the group consisting of DNase, antibiotics acetylcys^eme 

Jsm, chymotrypsin, glucocorticoids, ibupro^ — 
ZLohate uridine triphosphate, hypertonic sahne, secretory 
leCot- inhibitor, bronchodilators, anti-inflammatory agents, 
mucolytics and al -antitrypsin. 

24 An article of manufacture comprising an inhaler including as 
an active ingredient, at least one glycosaminoglycans degrading 
Generating aerosols including said enzyme for management of a patien 
SIg an accumulation of mucoid, mucopurulent or purulent material 
containing glycosaminoglycans. 

25 The article of claim 24, wherein said at least one 
glycosaminoglycans degrading enzyme is selected from the^group 
Insisting of heparanases, connective tissue activating P^^TS 
glucuronidases, heparitinases, hyluronidases, sulfates 
chondroitinases. 

26 The article of claim 24, wherein said at least one 
glycosaminoglycans degrading enzyme is heparanase. 

27. The article of claim 26, wherein said heparanase is a native 
heparanase. 

28. The article of claim 26, wherein said heparanase is a 
recombinant heparanase. 

29. The article of claim 26, wherein said heparanase is a human 
heparanase. 



32. 
fibrosis. 

33. 
fibrosis. 
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30. The article of claim ' 24, wherein said at . least ^one 
glycosaminoglycans degrading enzyme is of an ongm sdoc ed ^ the 
group consisting of humans, animals, fungi, algae, plants and bactena. 

31 The article of claim 24, wherein said patient has a disease 
sel ected from the group consisting of cystic «^ 
deficiency, chronic bronchitis, pulmonary "*TJj££J 
oneumonia chronic obstructive lung/pulmonary dtsease (COLD/COPD) 
^^tuberculosis, fungal infections, airway mamfestations of 
^lysaccharidoses 1, II, UIA, HIB, IIIC, VI and VII and 

The article of claim 24, wherein said patient has cystic 

The article of claim 26, wherein said patient has cystic 

34 The article of claim 24, wherein managing the patient results 
in imp ved clearance of lung secretions and reduce the frec^ency o 
"way associated infections and infl—on requmng parenteral 
antibiotics and anti-inflammatory drugs. 

35. The article of claim 24, wherein managing the patient results 
in improved pulmonary function. 

36. The article of claim 24, wherein said inhaler farther W*. 
a, leas, one conventional substance, as an additional aehve tngredtent, nsed 
for treatment the patient. 

37 The article of claim 36, wherein said conventional substance 
is select front the group constating of DN.se, 

M,™ntrvnsin glucocorticosteroids, ibuprofen, amilonae 
SS*T STe ^phosphate, hypertonic saline, secretory 
inhibitor, bronehodilators, anti-inflarnntahny agents, 
mucolytics and al -antitrypsin. 

38 An aerosol cloud comprising as an active ingredient at least 
one glyLamtoglycans degrading enzyme for management of a parent 
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h avi„g an aco»mu.a.,on of mucoid, mucopumien, or pur„.on, n,a.«na. 
containing glycosaminoglycans. 

39 The aerosol cloud of claim 38, further « 
conventional substance, as an additional active mgred.ent, used for 
treatment of the patient. 
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O Saline 

□ Heparanase 

A Heat-inactivated heparanase 
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□ Heparanase 
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A Acetyl cystein lug/ml^- heparanase 
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